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APPARATUS EMPLOYING A VOLTAGE DIFFER.
ERNCE CAPACITOR NETWORK FOR MEASURING
THE HOLD CURRENT OF NEGATIVE RESIST-
ANCE DEVICES

Robert L. Sels, Reading, and Grant F, Stetzler, Temple,
Pa., assignors to Western Electric Company, Incorpe-
rated, New York, N.Y., a corporation of New York

Filed Apr. 7, 1965, Ser. No. 446,168
6 Claims. {Cl. 324—158)

This invention relates gemerally to measuring circuits
and, more particularly, to circuits for measuring the hold
current of a negative resistance device. Accordingly, the
general objects of this invention are to provide new and
improved circuits of such a character.

Negative resistance devices, such as PNPN diodes, are
characterized by a voltage vs. current characteristic which
includes an unstable negative resistance portion bounded
by a low conduction, positive resistance portion and a
high conduction, positive resistance portion. An applied
forward voltage in excess of a critical breakdown voltage
Vgo, referred to as the breakover voltage, is required to
move the operating point of the diode from its low con-
duction, positive resistance portion into its negative resist-
ance portion. Since the diode is unstable in its negative
resistance portion, however, its operating point is immedi-
ately transferred to the high conduction, positive resist-
ance portion of its characteristic. If at any time thereafter,
the current through the diode falls below a critical level
Ig, referred to as the hold current, the diode returns to
its low conduction, positive resistance condition. Gener-
ally, the low conduction state of the diode is referred to
as the “OFF” state, and the high conduction state thereof
is referred to as the “ON" state. :

One way in which the hold current Iz may be meas-
ured is by applying a voltage or current to the diode suffi-
cient to turn it “ON.” The current through the diode may
then be slowly decreased, while continuously monitoring
the same, until the diode turns “OFF.” The current indi-
cation immediately prior to the diode turning “OFF” is,
of course, the hold current. While this technique may be
used effectively in the laboratory, it is especially cumber-
some and time consuming to use in production testing of
diodes.

Accordingly, it is another object of this invention to
provide a new and improved circuit of a relatively simple
nature for automatically measuring the hold current of
a megative resistance device, such as 2 PNPN diode.

With the foregoing and other objects in view, a circuit
illustrating certain features of the invention may include
a first capacitor connected in parallel with a device to be
tested, and a second capacitor connected in parallel with
the device and a series resistor. A charging current is
applied to the network thus formed to charge the capaci-
tors and to turn “ON” the device. The charging current
is then terminated and the capacitors allowed to discharge
through the device, the capacitors discharging through
the device until the device turns “OFF.” The voltage
across the first capacitor at this time is equal to the volt-
age across the device, and the voltage across the second
capacitor is equal to the voltage across the device plus
that across the series resistor. This latter voltage is pro-
portional to the hold current of the device, and is meas-
ured by subtracting the voltage stored by the first capaci-
tor from that stored by the second. Advantageously, the
value of the series resistor is such that the voltage drop
thereacross is decimally related to the current there-
through, so that the vcltage measurement indicates direct-
Iy the numerical value of the hold current.

Other objects, advantages and features of the invention
will be apparent from the following detailed description
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of a specific embodiment thereof, when read in conjunc-
tion with the appended drawings, in which:

FIG. 1 is an illustration of the voltage vs. current char-
acteristic of a typical PNPN diode; and

FIG. 2 is a circuit according to the invention for meas-
uring the hold current of a negative resistance device, such
as a PNPN diode.

Tllustratively, the invention will be described as being
employed to measure the hold current of a PNPN diode
having the voltage vs. current characteristic depicted in
FIG. 1. In FIG. 1, Vg is the breakover voltage of the
diode; A is an operating point on the high conduction,
positive resistance portion of the characteristic curve; B
is the point below which the diode turns “OFF”; I is the
current of the diode at point B (i.e., the hold current);
and Voy is the voltage across the diode at point B.

Referring now to FIG. 2, there is shown a pair of test
terminals 18—18 for receiving a PNPN diode 11 to be
tested. The test terminals 10—10 are connected in a series
circuit which includes a series resistor 12 and a conven-
tional diode 13. A first capacitor 14 is essentially con-
nected in parallel with the test terminals 10—10. For pur-
poses which will be set forth below, a conventional diode
16 is interposed between the capacitor 14 and one of the
terminals 18—10. A second capacitor 17 is connected in
parallel with the series circuit. A D.C. power supply 18,
which may be of the constant current type, is connected
through a contact 19 and a resistor 21 to the first capaci-
tor 14 and is connected through the contact 19 and a
conventional diode 22 to the second capacitor 17. A dif-
ferential voltmeter 23 is connected to the capacitors 14
and 17 through respective contacts 24 and 26.

In operation, the contact 19 is closed to apply respec-
tive constant currents to the capacitors 14 and 17 to
charge the same. The capacitors 14 and 17 are allowed to
charge for a time such that the voltage developed across
the first capacitor 14 is greater than Vgy and that de-
veloped across the second capacitor 17 is greater than the
breakover voltage Vgo. Accordingly, the diode 11 turns
“QON,” its operating point thereby being switched to point
A. The contact 19 is then opened, disconnecting the sup-
ply 18 and allowing the capacitors 14 and 17 to discharge
through the diode 11. The discharge path for the capacitor
14 is traced from the capacitor 14 through the diode 16
and the diode 11, and the discharge circuit for the capaci-
tor 17 is traced from the capacitor 17 through the diode
13, the resistor 12 and the diode 11. As the capacitors 14
and 17 discharge, the current through the diode decreases,
resulting in the operating point of the diocde moving from
point A to point B. A further decrease in the current
through the diode 11 causes the diode to turn “OFF” and
return to its low conduction condition. This disables the
discharge paths for the capacitors 14 and 17, whereby the
capacitors store the voltages appearing thereacross at the
time of turnoff. The difference between these voltages,
AV, is measured by operating the contacts 24 and 26 to
connect the differential voltmeter 23 to the capacitors 14
and 17. As will be seen below, the voltage AV is directly
proportional to Iy.

At point B, the voltages across the capacitors 14 and
17 are

Vers=YVpistVon
and
Verr=Vpi+Vriz+Von
where Vg1, is the voltage across the resistor 12; and Vpyz
and Vps are, respectively, the voltage drops across the

diodes 13 and 16. The voltage Vg1z across the resistor Ry
is

Vria=Ir1zR12
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where Igy; is the current through the resistor Ry; at point
B. The current through the diode 11 at point B is

IH:IRIZ"*—ICM

where I, is the current supplied to the diode 11 from the
capacitor Cy4. During transition of the operating point of
the diode 11 from point A to point B, the capacitor Cyy
discharges such that the current therefrom Igys is just
sufficient to maintain a forward voltage drop across the
diode 16. Accordingly, the current Igy4 is very small and
can be neglected, whereby

IH=IR12
The voltage V7, therefore, becomes
Verr=Vpig+IaRis+Von
The difference, AV, between the voltage Veiq and Vg is

AVeo=IuR1s+Von+Vpia—Voxn—Vbis
AVeo=IgR124Vp1s3—Vpis

The diodes 13 and 16 are selected such that fheir forward
voitage drops are approximately equal. Accordingly

Advantageously, the value of the resistor 12 is selected
such that it is a power of ten (e.g., the resistor 12 may
be 100 ohms), whereby AV is decimally related to Iy,
and the differential voltmeter 23 indicates directly the nu-
merical value of Jg.

It should be noted that the function of the diodes 16
and 22 is to preclude the capacitor 17 from discharging
through the capacitor 14 after the diode 11 has been
turned “OFF.” The capacitor 14, of course, cannot dis-
charge into the capacitor 17 since the voltage stored by
the latter capacitor is at a higher value. The purpose of
the diode 13, as seen above, is to compensate for the drop
across the diode 16.

Advantageously, the contacts 19, 24 and 26 are op-
erated in the required sequence, and at the required times,
by a suitable timer 27.

As used herein, the term “negative resistance device”
means any device having a low conduction state and a
high conduction state, one value of voltage or current
being necessary to switch the device from its low conduc-
tion state to its high conduction state, and a lower value
of voltage or current being necessary to maintain the de-
vice in its high conduction state. Examples of such devices

are silicon controlled rectifiers, unijunction transistors,
tunnel diodes and gas diodes. The terms “hold current”
and “ON” voltage signify, respectively, the minimum cur-
rent and minimum voltage necessary to maintain such a
device in its high conduction state.

It is to be understood that the above-described embodi-
ment is merely illustrative of the principles of the inven-
tion. Other embodiments may be devised by persons
skilled in the art which embody these principles and fall
within the spirit and scope thereof.

‘What is claimed is:
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1. A circuit for measuring the hold current of a nega-
tive resistance device, which comprises:

(a) a series circuit including a resistor and a pair of

test terminals for receiving the device;

(b) a first capacitor connected in parallel relationship
with the test terminals;

(c) a second capacitor connected in parallel with the
series circuit;

(d) means operable for a predetermined time

to charge the first capacitor to a voltage greater
than the “ON” voltage of the device,

to charge the second capacitor to a voltage greater
than that necessary to turn “ON” the device, so
that the device turns “ON” during the predeter- -
mined time, and

to allow the capacitors to discharge through the
device after the expiration of the time interval
until the device turns “OFF,” the voltage drop
across the resistor at the time the device turns
“OFF” being proportional to the hold current
thereof; and

(e) means for subtracting the voltage stored by the-
first capacitor from that stored by the second to
determine the voltage drop across the resistor at the
time the device turns “OFF” and hence, to determine
the hold current of the device. o

2. A circuit in accordance with claim 1 wherein the sub-
tracting means includes a differential voltmeter.

3. A circuit ‘in accordance with claim 1 wherein the
value of the resistor is such that the voltage drop there-
across is decimally related to the current therethrough.

4. A circuit in accordance with c¢laim 1 wherein:

a first diode is interposed between the first capacitor
and the device under test to preclude the second ca-
pacitor from discharging into the first; and

a second diode is interposed in the series circuit to com-
pensate for the voltage drop across the first diode.

5. A circuit in accordance with claim 1 wherein ele-

ment (d) includes:

a power supply;

a normally open contact; and

a timer for first closing the contact to enable charging
of the capacitors and for then opening the contact
after a predetermined time to allow discharging of
the capacitors.

6. A circuit in accordance with claim 5 wherein addi-
tional contacts operated by the timer are provided for
connecting the subtracting means to the capacitors after
the device has been turned “OFF.”
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